Introduction the same way as reported previously(1).
The crystallographic orientations of these single crystal specimens produced by the same method and from the same Table 2 Measured data on the saturation magnetization (Is), magnetization corresponding to the break of the descending hysteresis curve (Imk), coercive force (Hc) and initial susceptibility (X0) in two different demagnetized states important magnetic data are given in Table 2. II. Magnetostriction after TD
Virgin curves of magnetostriction
The main data on the longitudinal magnetostriction of specimen No. 7, a representative specimen, is shown in Then, with increase in I', this tendency is reversed, and in the subsequent range of rotation the specimen continues to contract monotonically to saturation. * The original of this paper, written in Japanese, was published previously in J. Japan Inst. Metals, 31 (1967) , 1208. ** The Faculty of Science, Hirosaki University, Hirosaki, Japan.
(1) R. Miyasawa: Trans. JIM, 10 (1969) It is known from this that the magnetization values(4) of the remanent mao etization are smaller than the values obtained from Kaya's rule expressed by eq. (12) of the preceding paper(1). Therefore, from the specimens(1)(2), the actual distribution of magnetic domains in the middle portion of the specimen at point C'
is thought to be as follows: (4) From eqs. (2) and (4) the following equation is obtained:
from eq. (5). The values obtained in this way are as follows: (6) Furthermore, when the magnetization is decreased from the domain distribution expressed by eq. (16) of the preceding paper(s) is realized at the coercive force point. Consequently, the increase of magnetostriction derived (7) (8)
Since the above values are nearly equal to those given in eq. (6), it may be reasonably admitted that the relation expressed by eq. (19) of the preceding paper(1) also holds as follows (cf. eqs. (23) and (25) of the preceding paper(1)):
expressed is practically the same as that for the specimen whose domain distribution at the remanence point comsafely be said that both the above-mentioned interpretation that the magnetostriction in the range of rotation rotation of the magnetization vector and the assumption that the domain distributions at the remanence point and the coercive force point are expressed by eq. (4) The main data on the longitudinal magnetostriction of Table 4 Measured data on the longitudinal magnetostriction in the alternating-current demagnetized state, the same notations as adopted in Table 3 being used specimen, is shown in Fig. 3 Tables 3 and 4 indicates that the measured values those after TD, respectively. From the results of measurements described above, it is considered that the domain distribution in the unmagnetized state after AD is approximately expressed by eq. (16) of the preceding paper(1), as in the case of the the magnetostriction described above is thought to be related to the process of magnetization as follows. That which are accompanied with a small negative magnetostriction. Then, in the range adjacent to the state corresponding to remanence the rotation process occurs simultaneously, as known from the magnetization curve of Fig. 3 . Subsequently, in the range over the state corresponding to remanence, the magnetization proceeds mostly by the rotation process which is accompanied with a remarkable contraction of the specimen up to saturadisplacements just before saturation as described later (V). Furthermore, when the magnetization is decreased from saturation, the processes of magnetization almost completely retrace the initial steps up to the coercive force point, so that the magnetostriction scarcely remains at this point. we can obtain the theoretical magnetization curve in this sidering that the sum E of the crystal anisotropy energy plus the magnetic field energy should have a minimum value in the equilibrium state. Namely, if the direction of the magnetization of the domain makes angles whose direction cosines are al, a2, a3 referred to the cubic axes, respect to the direction of the magnetization of the domain, we write E, in general, by eq. (16) of the preceding paper(2), using the crystal anisotropy constants Kl and K2. However, we can neglect the term containing K2 in the equation, because the value of K2 is and (10) preceding paper(2) is reduced to the form (11) Further, considering that the value of I/Is is close to unity in the range of rotation, we can approximately omit the term containing a square root in eq. (11). Thus, by possible to obtain an equation by which the I-H curve in the range of rotation is drawn.
The equation obtained in this way is as follows: (12) Again considering that the value of I/Is is close to unity in this range, we can more approximately reduce eq. (12) to the form (13) Actually, we find from Fig. 6 for specimen No. 7, as an example, that the square of the magnetization is approximately proportional to the magnetic field in this range,
and that the values of Is/K1 obtained from the slopes of Table 1 ) agree to a certain extent, as shown in Table 5 , which have been determined by the measurements of the magnetization(4). from the slopes of the linear parts of Fig. 7 . The values they turn out to be in good agreement with the value of (a) and in the alternating-current demagnetized state (b) of the [111] specimen, No. 7 Finally, by replacing PIP of the second term on the right side of eq. (14) by eq. (13), we can reduce eq. (14) to the form (15) Consequently, the experimental fact that the relationship between the magnetostriction and the magnetic field is linear in the range of rotation has been verified by eq. (15).
V. Anomaly just before Saturation
The magnetostriction vs. magnetization curves of specimen No. 7 shown in Figs. 1 and 3 show that in the range of rotation the absolute value of the magnetostriction I, except a temporary fall of the rate of increase of rate of change of the maa etostriction in this range is e xpressed as follows:
This equation indicates that in this range the slope of magnetization proceeds only by rotation of the magnetization vector, the rate of change of the magnetostriction will not be lessened just before saturation. It follows wall displacements contribute to the magnetostriction just before saturation. Moreover, it is well known that the I-H curve of the <111> single crystal of pure iron has a steep inclination just before saturation. This phenomenon in the I-H curve is also observed in the curves in these figures shows that the magnetization range in which such a phenomenon occurs is nearly equivalent to that in which the anomaly of the magnetostriction occurs. In addition, such an anomaly in the
VI. Summary
From the measurements of the longitudinal magnetocontaining 0.53% Al, the effect. of-the method of demagnetization on the magnetostrictive behaviors of these specimens has been observed in the range of wall displacements. However, it becomes evident that the dependence of those behaviors on the method of demagnetization as well as the hysteresis of the magnetostriction is the least of the single crystal specimens which have the three principal crystallographic orientations. The deviation of the domain distribution at the remanence point from that governed by Kaya's rule has been evaluated using the measured values of magnetostriction. It has been verified that the values obtained in such a way are nearly consistent with those calculated from the measured values of magnetization. It has been noted that, as far as the difference of magnetostriction between the remanence point and the saturation state is concerned, the relation derived from Kaya's rule holds spective of the method of demagnetization, has been satisfactory results.
